The relationship between thyroid plasma membrane phosphorylation and thyrotropin (TSH) receptor degradation was investigated by using bovine thyroid tissues.
It is well known that thyroid plasma membranes have an adenylate cylase activity which is stimulated by the binding of thytropin (TSH) to its receptor on the membrane (Yamashita and Field, 1970; Tate et al., 1975) and it is also known that adenosine 3', 5'-monophosphate (cyclic AMP) produced by activation of the enzyme activates cyclic AMP-dependent protein kinase (Rapoport and DeGroot, 1972; Yamashita and Field, 1973) . Recently a cyclic AMPdependent protein kinase and substrate for this enzyme have been demonstrated in thyroid plasma membrane (Giraud et al., 1977) . In our previous report, we have demonstrated that cyclic AMP-dependent protein kinase and its substrates are present in thyroid plasma membranes (Hashizume and DeGroot, 1979a) . Further we have shown that the activation of the enzyme stimulates TSH recepor release from thyroid plasma membrane in vitro (Hashizme and DeGroot, 1980) , and we have suggested that cyclic AMP-dependent phosphorylation of thyroid plasma membranes plays a role in the regulation of TSH binding to its receptor (Hashizume and DeGroot, 1979b) . During these studies, we found high activities for TSH binding in cytosol fraction of bovine thyroid tissue (Hashizume and DeGroot, 1980) . It has, however, been uncertain whether these TSH binding activities in cytosol fraction are precursors of TSH receptors synthesized in the endoplasmic reticulum of the thyroid cells or receptors internalized or degraded by preceding binding of TSH to its receptor in the plasma membrane.
In this study, we aimed to examine whether cyclic AMP-dependent phosphorylation of thyroid plasma membrane is related to TSH receptor degradation, and we studied the mechanism of generation of cytosolic TSH binding activities.
Materials and Methods
Bovine thyroid plasma membranes were prepared as previously described (Hashizume et al., 1978; Fenzi et al., 1979) 
Results
Profile of cytosolic TSH binding activity and relecthed TSH binding activity in a continuous sucrose density gradient centrifugation Using a continuous sucrose density gradient centrifugation, the TSH binding activity in bovine thyroid cytosol was separated to three different molecules (Fig. 1) . The TSH binding activity in spontaneously released fraction was also separated into three different molecules in the same sucrose density gradient centrifugation. These TSH binding activities released from thyroid plasma membrane migrated to positions which corresponded to the peaks of TSH binding activity derived from cytosol fraction. As shown in Fig. 1 , the amount of TSH binding activity in small molecular size was greater than that in middle or large molecular TSH binding activity in cytosol fraction. In released TSH binding activities, however, the phenomenon was not observed. stimulated in the presence of cyclic AMP, and that the plasma membranes contain a high activity for cyclic AMP-dependent protein kinase and its substrate (Hashizume and DeGroot, 1979a; Hashizume and DeGroot, 1979b plasma membranes is related to the receptor (TSH binding activity) release. As is shown in Table 1 , cyclic AMP enhanced the release of TSH binding activity. The increase in the release of TSH binding activity was observed even with 10-9M of cyclic AMP. In heated thyroid plasma membranes, on the other hand, neither spontaneous or cyclic AMP-stimulated release of TSH binding activity was observed. As was demonstrated previously (Hashizume and DeGroot, 1980) , the release was temperature-dependent and membrane protein concentration-dependent, Thus we suggested that the release of TSH binding activity is physiological. As shown in Fig. 2 , TSH binding activities in the supernatant of the cyclic AMP-treated thyroid plasma membranes were observed in positions which corresponded to those observed in spontaneously released TSH binding activity in a sucrose density gradient centrifugation. In the fraction containing released TSH binding activity, which was obtained by treatment of the membranes with cyclic AMP, the amount of TSH binding activity in small molecular size was greater than 
Discussion
Recently, it has been reported that epidermal growth factor (Cohen et al., 1980; Cohen et al., 1982) and insulin (Avruch et al., 1982; Van Obberghen et al., 1983) stimulate phosphorylation of their own receptors. It is speculated that this phosphorylation does not depend upon cyclic nucleotides. On the other hand, the phosphorylation of nicotinic acetylcholine receptor has been reported to be mediated by cyclic AMP (Haganir et al., 1983) . This finding suggested that peptide hormones, which can activate the target via a production of cyclic AMP, also could induce phosphoylation of their receptors. Previously, we have shown that bovine thyroid plasma membrane contains a substrate for cyclic AMP-depedent protein kinase which can be stimulated by TSH (Hashizume and DeGroot, 1979a and b) , and we suggested that this cyclic AMP-depedent phosphorylation is closely related to TSH receptor release from thyroid plasma membranes (Hashizume and DeGroot, 1980) . However, we did not show whether TSH receptor can be phosphorylated. In this study, although we could not produce direct evidence indicating that the soluble phosphorylated proteins are the same as the proteins which can bind TSH, large and middle size TSH binding activities were able to be demonstrated to be comigrated to the phosphorylated proteins in a sucrose densily gradient centrifugation. The results suggest that these TSH binding activities may easily be phosphorylated in the presence of cyclic AMP. We observed that the small size TSH binding activity was released in large quantities in the presence of cyclic AMP, suggesting that the receptor which exists in the plasma membrane is phosphorylated through the activation of cyclic AMP-dependent protein kinase present in the membrane and that the phosphorylation may result in the degradation of the receptor to small molecules. Furthermore, the small size TSH binding activity was found in large quantities in thyroid cytosol. Thus it is tempting to speculate that these small molecules may be accumulated in the cytoplasm.
As shown in this study, we obtained a relatively large amount of phosphorylated protein in the position of large molecular size TSH receptor. The reason for this phenomenon is not clear.
Although it is not clear whether the small molecule TSH binding activities appear again in the plasma membrane by transporting them to the plasma membrne, it is possible that these small molecules, as suggested previously (Hashizume and DeGroot, 1979b) , conjugate adenylate cyclase and cyclic AMPdependent protein kinasa on the plasma membrane, which are _present as units which have a physiological receptor function in the membrane.
The decrease in binding activity in residual membranes after incubation with cyclic AMP was not significant compared to the increase in the binding activity in soluble fraction.
The precise mechanism of this phenomenon is uncertain. Since Scatchard analysis of TSH binding to the membranes showed an increase in the affinity constant and a decrease in the maximal binding capacity by treating the membrane with cyclic AMP (Data not shown), relative activation of TSH binding might bave been due to cyclic AMP.
While the function of receptor degradation after TSH binding to its receptor in the membrane is no doubt physiologically important, the precise mechanism(s) for the regulation of TSH receptor activity and for the phosphorylation of the receptor remain to be elucidated.
